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Background   It is unclear whether it is safe to convert above-
elbow cast (AEC) to below-elbow cast (BEC) in a child who has 
sustained a displaced diaphyseal both-bone forearm fracture that 
is stable after reduction. In this multicenter study, we wanted to 
answer the question: does early conversion to BEC cause similar 
forearm rotation to that after treatment with AEC alone?
Children and methods   Children were randomly allocated to 
6 weeks of AEC, or 3 weeks of AEC followed by 3 weeks of BEC. 
The primary outcome was limitation of pronation/supination 
after 6 months. The secondary outcomes were re-displacement of 
the fracture, limitation of flexion/extension of the wrist and elbow, 
complication rate, cast comfort, complaints in daily life, and cos-
metics of the fractured arm.
Results   62 children were treated with 6 weeks of AEC, and 
65 children were treated with 3 weeks of AEC plus 3 weeks of 
BEC. The follow-up rate was 60/62 and 64/65, respectively with 
a mean time of 6.9 (4.7–13) months. The limitation of pronation/
supination was similar in both groups (18 degrees for the AEC 
group and 11 degrees for the AEC/BEC group). The secondary 
outcomes were similar in both groups, with the exception of cast 
comfort, which was in favor of the AEC/BEC group. 
Interpretation   Early conversion to BEC cast is safe and results 
in greater cast comfort. 

Most displaced diaphyseal both-bone forearm fractures in 
children can be treated successfully with closed reduction 
and above-elbow cast (AEC) for 6–9 weeks, but AEC is often 
converted to below-elbow cast (BEC) in the last weeks of 
treatment. Although most of these fractures heal uneventfully, 
limitation of pronation and supination can give disappointing 
results. Previous studies have found an average limitation of 
20 degrees in about 15% of children. The cause of this limita-
tion is unknown, but malunion and contracture of soft tissues 
have been suggested in some studies (Hogstrom et al. 1976, 
Nilsson and Obrant 1977, Kay et al. 1986,  Tynan et al. 2000, 
Bhaskar and Roberts 2001, Weinberg et al. 2001, Dumont 
et al. 2002, Yasutomi et al. 2002, van Geenen and Besselaar 
2007). 
Early conversion to BEC in the treatment of these fractures 
could potentially affect limitation of pronation and supination 
in 2 opposing ways. On the one hand, early conversion to BEC 
could result in fracture displacement, leading to malunion and 
resulting in limitation of pronation and supination. On the 
other hand, AEC may lead to a limitation of pronation and 
supination because of contracture of soft tissue by immobili-
zation of the elbow.
We therefore set up a randomized controlled multicenter 
trial to answer the following question: does early conversion 
from AEC to BEC cause forearm rotation that is similar to 
that from AEC alone in reduced stable diaphyseal both-bone 
forearm fractures in children? 
Children and methods
Trial design and participants
We performed a multicenter randomized trial on consecu-
tive children with a displaced diaphyseal both-bone forearm 
fracture that was stable after reduction, who visited the emer-
gency department of one of 4 participating Dutch hospitals: 
Erasmus Medical Center (Rotterdam), HAGA Hospital (The 
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cus Hospital (Rotterdam). The regional medical ethics com-
mittee approved the study and it was registered at Clinical 
Trials.gov with registry identifier NCT00398242. The trial 
was performed in compliance with the Helsinki Declaration. 
Informed consent for participation was obtained from all par-
ents and from all children aged ≥ 12 years.
We included all children aged < 16 years who sustained 
a displaced diaphyseal both-bone forearm fracture that was 
stable after reduction (Figure 1). A diaphyseal fracture was 
defined as a fracture in the shaft of the bone between the distal 
and proximal metaphysis. The criteria for reduction are given 
in Table 1. Exclusion criteria were unstable fractures, frac-
tures older than 1 week, severe open fractures (Gustilo II and 
III), and refractures.
Our primary outcome was limitation of pronation and supi-
nation 6 months after the initial trauma. The secondary out-
comes were re-displacement of the fracture, limitation of flex-
ion and extension of the wrist and elbow, complication rate, 
cast comfort, complaints in daily life, and cosmetics of the 
fractured arm.
Procedures
A surgeon reduced the fracture in the operating room under 
general anesthesia with fluoroscopic guidance. After opti-
mal closed reduction, the fracture was tested for stability. A 
fracture was defined as unstable if full pronation and supina-
tion of the proximal forearm caused re-displacement of the 
fracture under fluoroscopic vision. This test for stability has 
been used before in a group of children with forearm fractures 
(Myers et al. 2004). Unstable fractures (24) were excluded 
and treated with intramedullary nails. The remaining fractures 
were defined as stable and were randomized to 6 weeks of 
AEC or to 3 weeks of AEC followed by 3 weeks of BEC. The 
surgeon applied an AEC in the operation room. First, a stocki-
net and layer of wool were applied to protect the skin and 
bony prominences. Then, a well-fitted plaster slab was applied 
which covered approximately two-thirds of the circumference 
of the arm. Finally, a bandage was wrapped around the arm. 
The elbow was set in 90 degrees of flexion and the forearm 
in neutral position. All children received a sling for at least 1 
week. 
The children underwent clinical and radiographic evaluation 
by a surgeon at 1, 3, and 6 weeks after initial trauma. A cast 
technician revised this plaster cast to circumferential plaster 
cast after 1 week and applied a new circumferential synthetic 
cast after 3 weeks (AEC or BEC). The BEC extended only 
to the elbow. Fracture displacement, as defined by the loss of 
reduction according to the primary reduction criteria (Table 1), 
required new fracture reduction. Finally, the cast was removed 
6 weeks after initial treatment. 
An orthopedic surgeon (JWC, who was not involved in 
treatment) examined all children at 2 and 6 months after the 
initial trauma using a standardized technique to measure flex-
ion and extension of the wrist and elbow, in combination with 
pronation and supination of both arms (Colaris et al. 2010). 
The pronation and supination were scaled using a previously 
employed grading system (Daruwalla 1979) with excellent, 
good, fair, and poor results for, respectively, 0–10, 11–20, 
21–30, and ≥ 31 degrees of limitation. All children with at least 
30 degrees of functional impairment at the 2-month examina-
tion were referred to a physiotherapist. At the 2-month exami-
nation, the parents and children evaluated the comfort of the 
cast using a visual analog scale (VAS) with highest score for 
maximal comfort, and a questionnaire to evaluate difficulties 
in performing 7 daily activities during the period of cast. This 
Figure 1. A displaced diaphyseal both-bone fracture.
Table 1. Criteria for reduction of the fracture of radius and/or ulna 
based on anteroposterior and/or lateral radiographs
Type of deformity Age in years Deformity
  
Angulation < 10 > 15 degrees
 10–16 > 10 degrees
Translation < 16 > half of bone diameter 
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questionnaire had previously been used for a similar group of 
children (Webb et al. 2006). 
6 months after the initial trauma, the parents and JWC com-
pleted a VAS regarding cosmetics of the fractured arm, with 
highest score for similar cosmetics in the injured and unin-
jured arm. In the same consultation, complaints concerning 
the fractured arm were documented using a modified grading 
system. This grading system combines limitation of pronation 
and supination with complaints covering daily life or during 
strenuous activities. It had been used previously for a similar 
group of children (Price et al. 1990). Thereafter, the parents 
filled in an ABILHAND-Kids questionnaire (Arnould et al. 
2004), which is a measure of manual ability in children with 
upper limb impairments. 
Radiographs were taken in the emergency room. These were 
followed by radiographs after reduction and during follow-
up at 1, 3, and 6 weeks. The final radiographs were taken 6 
months after the initial trauma. 
Angulation, translation, rotation, and shortening of fractures 
were measured on the radiographs to determine primary dis-
placement, displacement during treatment with cast, and final 
displacement at 6 months. Rotation of the fractured bones was 
analyzed from differences in the diameter of the diaphysis 
of the ulna and radius (Naimark et al. 1983). To assess the 
inter-rater reproducibility, the angulation of the fracture was 
re-measured in 45 children by a trauma surgeon. The inter-
rater reproducibility of the radiological assessment showed an 
intraclass correlation (ICC) of 0.81 (95% CI: 0.68–0.89) and 
0.89 (95% CI: 0.81–0.94) for the radioulnar angulation of the 
ulna and radius, respectively. The ICC of sagittal angulation 
was 0.92 (95% CI: 0.85–0.95) for the ulna and 0.87 (95% CI: 
0.77–0.92) for the radius.
Randomization and masking
A physician who was not involved in treatment randomized 
the children using sealed envelopes with varied block sizes. 
The randomization took place after the fracture was reduced 
and defined as stable. The study was not blinded regarding the 
children, parents, and clinicians. JWC collected all the data.
Statistics
This study was an equivalency study in which we wanted to 
determine whether the index treatment (a combination of AEC 
and BEC) was no better or worse than the control treatment 
(AEC alone). The main aim of the study was to address the 
question: do 6 weeks of AEC, or 3 weeks of AEC and 3 weeks 
of BEC, cause equal limitation of pronation and supination 
6 months after the initial trauma? We assessed the numbers 
of children required with assumption of similarity of prona-
tion and supination in both groups. Similarity between the 2 
groups was defined as a maximum of 15 degrees less prona-
tion or supination in the group treated with AEC and BEC. We 
chose 15 degrees of limitation to stay within the safe margins 
of good results as graded previously (Daruwalla 1979). With 
an a priori calculation, it was determined that with a power 
of 80%, a significance level of 0.05, and a standard deviation 
(SD) of 15 degrees, the groups should consist of 30 children 
each. 
First, we assessed whether the variables had a normal dis-
tribution using the Shapiro-Wilk test for normality. Based on 
these analyses, the results are presented as mean (SD). The pri-
mary research question was examined using linear regression 
analysis. If necessary, adjustments for unbalanced covariates 
were made. To check for linearity, we plotted the standard-
ized residuals of the variables used against the standardized 
predicted values. If there was doubt with respect to violation 
of assumptions regarding distribution of residuals, we carried 
out a Mann-Whitney test comparing the 2 groups regarding 
the average of the measurements. Differences between both 
groups (AEC vs. AEC plus BEC) for the secondary outcome 
measures were analyzed by one-way ANOVA to correct for 
multiple comparisons (Bonferroni). Statistical analysis was 
performed with SPSS software version 17.0.
 
Results
Between January 2006 and August 2010, 127 children were 
included in the study. 62 children were randomized to 6 weeks 
of AEC and 65 children were randomized to 3 weeks of AEC 
followed by 3 weeks of BEC (Figure 2). Despite the random-
ization, there was a substantial difference in age at the time 
of fracture, dominant arm fractured, and fracture type of the 
radius (Table 2). For this reason, the statistical analyses were 
corrected for these baseline variables. 
Fractures were reduced in the operating room in 68% of the 
children in the AEC group and in 70% of the children in the 
other group (AEC and BEC). The remaining fractures were 
reduced at the emergency department. The follow-up rate was 
98%, with a mean follow-up time of 6.9 (4.7–12.9) months. 
At 6-month follow-up, the mean limitation of pronation and 
supination was 18 degrees (95% CI: 0–50) for children treated 
with AEC, and 11 degrees (CI: 0–34) for children treated with 
AEC and BEC (p = 0.05). With and without adjustment for 
unbalanced covariates, no significant differences in primary 
outcome were found (Table 3).
Using the grading system for limitation of pronation and 
supination (Daruwalla 1979), the results in the AEC-alone 
group were excellent in 21%, good in 38%, fair in 26%, and 
poor in 15%. In the group treated with AEC and BEC, the 
results were excellent in 33%, good in 37%, fair in 27%, 
and poor in 3%. Similar results were found using the modi-
fied grading system (Price et al. 1990). In the AEC group, 
the results were excellent in 33%, good in 42%, and fair in 
25%. In the group treated with AEC and BEC, the results were 
excellent in 48%, good in 30%, fair in 20%, and poor in 2%. 
The secondary outcome measures showed a higher VAS for 
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in the proximal half of the diaphysis of the radius and of the 
ulna in 15 and 3 children, respectively. Of the 23 children with 
a malunion, 7 regained almost full pronation and supination 
while 8 children suffered from a limitation of ≥ 31 degrees. 
 
Children with diaphyseal both-bone forearm fracture (n = 286)  
Randomized (n = 127)  
Excluded (n = 159) 
 Meeting inclusion criteria 




   
(n = 13)
Primary treatment other hospital  (n = 8) 
Follow-up other hospital (n = 2) 
Others    (n = 10)  
Not meeting inclusion criteria   
No need for reduction 
 










(n = 3)  
Allocated to AEC  (n = 62)  
Received allocated intervention   (n = 61) 
Allocated to AEC  (n = 65)  
Received allocated intervention   (n = 63) 
    
   
Analyzed    (n = 62) 
Excluded from part of analysis (n = 4)    
 
Analyzed    (n = 65)
Excluded from part of analysis (n = 5)     
First  +
Final +
(n = 58) 
First  –
Final + 
(n = 2) 
First  +
Final –  
(n = 1) 
First  –
Final – 






Final –  
First  –
Final – 
Figure 2. Flow chart of enrollment in the study.
n: number of children; 
AEC: above-elbow cast; 
BEC: below-elbow cast; 
First: first examination; 
Final: final examination; 
+ : examined; 
– : not examined.
Table 2. Baseline characteristics of the study population. Unless 
otherwise stated, values are percentages 
 Total AEC AEC + BEC
   
No. of children 127 62 65
Mean (SD) age at time of 
   fracture, years   7.9 (3.2) 8.7 (3.3) 7.1 (2.9)
Male sex   69 69 68
Dominant arm fractured   38 24 52
Fracture type, radius
 Greenstick    46 34 58
 Complete    54 66 42
 Mean (SD) location of 
   fracture of radius a   49 50 (13) 49 (14)
Fracture type, ulna
 Greenstick   55 48 63
 Complete   45 53 38
 Mean (SD) location of 
   fracture of ulna a   37 39 (13) 35 (10)
a
 The location of the fracture was calculated by dividing the distance 
of the fracture to the wrist by the length of the bone.
AEC: above-elbow cast; BEC: below-elbow cast.
< 0.001) (Table 4, see supplementary data). 
The questionnaire (Webb et al. 2006), which 
evaluated difficulties during the period 
of cast, gave similar results between the 2 
groups. 
There were 32 complications in 27 chil-
dren treated with AEC and 25 complications 
in 23 children treated with AEC and BEC 
(Table 5). Most complications consisted of 
fracture re-displacement. Almost half of 
all re-displacements occurred in the group 
with reduction of the fracture in the emer-
gency department, and all re-displacements 
occurred during the first 3 weeks. 9 of 43 
re-displaced fractures were reduced again 
and treated after reduction with cast in 4 
children, and with intramedullary nails and 
cast in 5 children. In 34 children, the re-dis-
placement of the fracture was accepted. Fur-
thermore, greenstick and complete fractures 
showed a similar rate of re-displacement.
At final follow-up, 23 children (12 of 
whom were aged ≥ 10 years) developed a 
malunion as defined by our primary reduc-
tion criteria (Table 6, see supplementary 
data). Although all 23 fractures showed 
re-displacement in cast, 3 were reduced a 
second time. The malunion was localized 
Table 3. Data on limitation of pronation and supination of the frac-
tured arm. The data are percentages a
  AEC AEC + BEC
2 months after fracture
   None   7 13
   1-10  20 31
   11-20  25 20
   21-30  15   8
   >31 degrees 32 28
   Mean limitation (95% CI) 28 (0–72) 21 (0–57)
6 months after fracture
   None 21 33
   1–10 20 28
   11–20  30 22
   21–30  12 11
   > 31 degrees 18   6
   Mean limitation (95% CI) 18 (0–50) 11 (0–34)
a With and without adjustment for unbalanced covariates, no signifi-
cant differences were found.
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Discussion
We found that in the treatment of reduced stable diaphyseal 
both-bone forearm fractures in children, conversion from AEC 
to BEC was safe 3 weeks after the initial trauma. Limitation 
in flexion and extension of the elbow did not occur in either 
of the groups. 
We found a limitation of pronation and supination of ≥ 30 
degrees at final follow-up in 15 of 127 children, 8 of whom 
also suffered a radiographic malunion. 6 children with a radio-
graphic malunion at final follow-up showed no limitation of 
pronation and supination. These findings demonstrate that 
limitation of pronation and supination is caused by malunion 
and contractures, as previously stated by other authors (Tynan 
et al. 2000, Weinberg et al. 2001, Dumont et al. 2002,Yasu-
tomi et al. 2002, van Geenen and Besselaar 2007, Jupiter et 
al. 2009). The idea of contractures of injured soft tissue being 
a cause of limitation of pronation and supination was sup-
ported by a trend of better forearm rotation in the BEC group, 
in which children could rotate the forearm early to prevent 
contractures. 
Compared with previous studies, limitation of pronation 
and supination was relatively high in our children. Using the 
grading system (Daruwalla 1979), we found that 21% (AEC) 
and 33% (AEC and BEC) had excellent results, whereas other 
authors have found excellent results in 44–100% of such chil-
dren (Daruwalla 1979, Kay et al. 1986, Price et al. 1990, Jones 
and Weiner 1999, Bochang et al. 2005, Boero et al. 2007). 
The modified grading system (Price et al. 1990) resulted in 
33% and 48% excellent results in our 2 groups, as compared 
to 82% in another study (Price et al. 1990). Our prospective 
analysis, inclusion of only the more severe both-bone fore-
arm fractures, and the high percentage of malunions may have 
been responsible for our less favorable results.
Previous studies have found a re-displacement rate of 
7–27% in non-operatively treated forearm fractures, whereas 
we found a rate of 34% (Monga et al. 2010, Kay et al. 1986, 
Voto et al. 1990, Chan et al. 1997, Jones and Weiner 1999, 
Bochang et al. 2005, Schmittenbecher 2005). This higher rate 
of re-displacement might be explained by our strict malunion 
criteria, the prospective follow-up with scheduled radiographs, 
our test for stability, and the type of cast (non-circumferential 
cast applied directly after reduction). Although BEC allows 
free movement of the elbow, in our study conversion to BEC 
after 3 weeks did not cause re-displacement of fractures. In 
our patients, all re-displacements occurred in the AEC group 
during the first 3 weeks of treatment. 
In the statistical analysis, we were aware that strict correc-
tion for multiple testing was not necessary because of the eval-
uation of predefined hypotheses. However, we chose a conser-
vative method to test the secondary outcome parameters. In 
addition, we also tested the secondary outcome without cor-
rection for multiple testing (using a p-value of 0.05), and even 
then no differences were found between groups. 
Our study had several limitations. First, several fractures 
were reduced at the emergency department instead of in the 
operating room. The slightly higher rate of re-displacement in 
fractures reduced at the emergency department (42% vs. 30%) 
led us to suspect that testing of fracture stability without anes-
thesia and fluoroscopy is less optimal. Fortunately, there was 
an equal distribution of fractures reduced in the emergency 
room in the 2 groups, and this study investigated treatment 
modalities after reduction.
Secondly, not all re-displaced fractures were reduced fol-
lowing our study protocol. This was probably due to the 
expectation of correction of the malunion by growth, and the 
reluctance of the surgeon to propose a second reduction in 
view of the effect on the child.
Thirdly, the outcome of the test for stability after reduction 
was a subjective opinion of the treating physician. No tests for 
stability of fractures are objective, and the test used was the 
only one to appear in literature (Meier et al. 2004).
The final limitation was our (short) period of follow-up 
in this young population with a capacity for correction by 
growth. Nevertheless, these diaphyseal fractures (especially in 
older children) show less correction than distal metaphyseal 
fractures in younger children. 
In summary, our results suggest that reduced stable diaph-
yseal both-bone forearm fractures in children can be safely 
treated by 3 weeks of above-elbow cast and 3 weeks of below-
elbow cast. Re-displacement of the fracture might be identi-
fied early by radiography at set times.
Supplementary data
Tables 4 and 6 are available at Acta’s website (www.actaor-
thop.org), identification number 5997.
JWC, JHA, CPV, and JANV were involved in the study design. JHA, LUB, 
CPV, MRV, RMB, and AJHK supervised the inclusion of children. JWC 
examined all the children. Statistical analysis was done by MR and JWC, and 
LUB provided the radiographic measurements. All the authors participated in 
writing and editing of the manuscript. 
Table 5. Data on complications.Values are numbers 
of complications a
 AEC AEC + BEC
Displacement during cast  23 20
Refracture 5 3
Transient neuropraxia 2 2
Excoriation elbow crease 1 –
Nonunion 1 –
Total complications 32 25
a
 No significant difference was found between the 2 
groups.
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